Suppression of angiogenesis and tumor growth by orally active deoxycholic acid-heparin conjugate.
Heparin, a potent inhibitor of blood coagulation, exhibits antitumoral action in tumor progression such as in angiogenesis and metastasis but is not orally absorbed in the body, making it an attractive candidate as an oral drug for antiangiogenic cancer therapy. We generated LHD or orally active heparin using low molecular weight heparin (LMWH) and deoxycholic acid that is effectively absorbed in the gastrointestinal tract. Using the in vitro endothelial tubular formation and chicken chorioallantoic membrane angiogenesis assay, we found that antiangiogenic activity of this LHD was similar to that of LMWH. From the in vivo Matrigel plugs assay, LHD treated orally could effectively inhibit angiogenesis into the plugs induced by basic fibroblast growth factor, whereas LMWH treated orally could not due to no oral absorption. In addition, when this LHD was orally administered into the tumor bearing mice, it significantly inhibited tumor growth by its antiangiogenic therapeutic mechanism, and when accompanied with doxorubicin, it appeared to have an additive effect. Collectively, LHD having antiangiogenic activity could be orally absorbable and inhibit tumor growth via inhibiting angiogenesis. These findings demonstrate the therapeutic potential of LHD in the clinical trials, which is suggested as a new oral therapeutic remedy for cancer therapy.